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^ Acoustic standoff for ultrasound scanhead. 

(g) An acoustic standoff is provided for an 
ultrasonic scanhead which readily attaches to 
and detaches from an ultrasonic scanhead. The 
standoff includes a retention clip which snaps 
onto the scanhead and defines a volumetric 
region in front of the scanhead acoustic win- 
dow. A body of acoustically transmissive ma- 
terial which is preferably disposable Is located 
in the volumetric region. This integral configu- 
ration of scanhead and disposable standoff ma- 
terial advantageously allows a clinician to 
manipulate both the scanhead and Its standoff 
with one hand during performance of an 
ultrasonic examination. Also disclosed Is a con- 
venient kit for the retention clip and disposable 
blocks of standoff material which enables stan- 
doff material of the proper dimenstons and 
acoustic characteristics for the clip to be cast 
and formed directly in compartments of the kit 
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This invention relates to apparatus for ultrasoni- 
calty examining superficial structure of the body and, 
in particular, to acoustic standoff apparatus for elevat- 
ing a scanhead at)ove such body structure during ul- 
trasonic scanning. 

Scanheads for medical ultrasonic examination 
customarily include an ultrasonic transducer mounted 
on or immediately adjacent to the surface of the scan- 
head unit for the transmission of ultrasonic energy into 
the body and the reception of echo energy returned 
by structure within the body. The transducer may 
comprise a single piezoelectric element, or a plurality 
of adjacendy disposed elements such as an array 
transducer. Generally the transducer is covered with 
a material which shields and protects the transducer 
elements but is highly transmlsslve of ultrasonic en- 
ergy, known as an acoustic window through which the 
ultrasonic energy passes. In use of the scanhead the 
skin of the patient Is coated with a viscous ultrasonic 
couplant gel to efficiently couple the ultrasonic energy 
between the acoustic window of the scanhead and the 
skin of the patient, and the acoustic window is pressed 
against the couplant-coated skin. Thus, the transduc- 
er itself is generally located only a few mDlimeters 
above the skin line during scanning, and ideally ultra- 
sonic energy passes into and returns from the body 
of the patient through the couplant and acoustic win- 
dow with no significant attenuation or distortion. 

It is generally desirable to focus the ultrasonic en- 
ergy being transmitted into the body at a particular 
depth within the body. This would be the depth, for in- 
stance, of a particular organ or body structure which 
is the subject of the ultrasonic examination. Focuss- 
ing may be accomplished a number of ways, such as 
by the geometry of the transducer or the timed actua- 
tion of individual elements of an array transducer. 
Thus, while the beam of transmitted ultrasonic energy 
may be as wide as the transducer itself when it eman- 
ates from the acoustic window of the scanhead and 
enters the body, it can be narrowed to a more narrow- 
ly focussed beam at some further depth within the 
body. Such focussing provides clearer, more highly 
defined acoustic information about the body structure 
being scanned. 

However, when the scanhead is being used for 
many peripheral vascularapplications the body struc- 
ture being examined is frequently located just be- 
neath the skin surface. Such applications include ul- 
trasonic studies of saphenous veins, dialysis shunts 
and digital arteries, and superficial structures such a 
shoulders, testicles, thyroid, and subcutaneous tis- 
sue. In these applications the focal range of the scan- 
head, whether geometrically or electronically deter- 
mined, is at a greater depth from the skin surface than 
the structure being examined. Accordingly It is desir- 
able to provide a means whereby the focal range can 
be relocated to the subcutaneous or superficial loca- 
tions of these structures. 



The prior art contains several solutions to this 
problem Involving the use of some medium transmls- 
slve of ulb'asound between theacoustic window of the 
scanhead and the surface of the skin. Devices which 

5 have been used for this purpose include water bags, 
filled IV bags, and commercially available acoustic 
standoff pads which are placed on the skin. The 
acoustic window of the scanhead is pressed against 
the device and the thickness of the device effectively 

10 elevates the scanhead above the skin surface so that 
the focal range of the scanhead is just below the skin 
surface. Another approach that has been employed is 
to layer a thickness of couplant gel on the skin, then 
hold the scanhead so that the acoustic window makes 

f 5 minimal contact with the gel surface. All of these ap- 
proaches require the use of some device or substance 
separate from the scanhead which must be held or 
controlled to provide the deslrad offset between the 
scanhead and the skin surface. Furthermore, most of 

20 these approaches are at best imprecise In the degree 
of offset provided, requiring at time some consider- 
able experimentation by the user before the desired 
offset Is achieved. In addition some of these ap- 
proaches undesirably introduce surface artifacts into 

25 the received ultrasonic signals such as those caused 
by the liquid-bag interface of a water or IV bag. 

In accordance with the principles of the present 
Invention an acoustic standoff arrangement is provid- 
ed which integrally attaches to an ultrasonic scan- 

30 head. The arrangement includes a retention clip 
which readily and easily attaches to the scanhead. 
The retention clip defines a volumetric region in front 
of the acoustic window of the scanhead in which a 
body of acoustically transmlsslve material is located. 

35 The retention clip thus retains the acoustically trans- 
missive material in place in front of and in contact with 
the acoustic window and also defines a predeter- 
mined standoff distance between the acoustic win- 
dow of the scanhead and the retention clip's own 

40 acoustic window. The rigidity of the retention clip en- 
ables the acoustic window of the clip to be pressed 
against the skin of the patient during ultrasonic scan- 
ning without deformation of the acoustically transmls- 
slve material beyond predetermined limits, and the 

45 patient is scanned by ultrasonic energy transmission 
through the material with the focal region of scanhead 
located just beneath the skin line of the patient. 
In the drawings: 

FIGURE 1 is a perspective view of an ultrasonic 
50 . scanhead and an acoustic standoff arrangement 
constructed in accordance with the principles of 
the present invention; 

FIGURE 2 is an end view of an ultrasonic scan- 
head with an attached acoustic standoff arrange- 
55 ment of the present invention; 

FIGURE 3 Is a side view of an ultrasonic scan- 
head with an attached acoustic standoff arrange- 
ment of the present invention in which the reten- 
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tion dip IS shown in cross- section; and 
FIGURE 4 is a perspective view of an acoustic 
standoff kit enclosing the elements of an acoustic 
standoff arrangement of the present invention. 
Referring first to FIGURE 1, a typical ultrasonic 5 
scanhead 10 is shown. The scanhead includes a plas- 
tic housing which contains the electronic components 
of the scanhead, including the transducer element or 
elements 18 (see FIGURE 3} and electrical connec- 
tions between a cable and the transducer elements. io 
Extending from the proximal end of the housing is a 
cable 12 through which electrical signal to and from 
the tranducer elements are transmitted. The remote 
end of the cable 12 (not shown) terminates In a con- 
nector suitable for connection to a mainframe ultra- is 
sonicdiagnostic instrument. The Instrument develops 
timed transducer energization signals which are 
transmitted through the cable to cause the elements 
to transmit ultrasonic wave energy. Returning echo 
signals received by the transducer elements are con- 20 
verted by the elements to electrical signals then trans- 
mitted through the cable to the mainframe instrument 
where they are processed to provide diagnostic infor- 
mation about the body structure of a patient This in- 
formation may be in the form of an ultrasonic image 25 
of the internal structure of the patient, the velocity of 
blood flow, and the like. 

The distal end 14 of the scanhead encloses trans- 
ducer elements In close proximity to the distal end or 
face of the scanhead indicated at 16. The elements 30 
are Insulated and protected by an acoustic window of 
silicone rubber at the face 16 of the scanhead 10. Dur- 
ing ultrasonic scanning of depths of the body which do 
not require an acoustic standoff the face 16 of the 
scanhead is pressed against the skin of the patient, 35 
with a coating of ultrasonic couplant providing reliable 
acoustic transmission between the scanhead and the 
body. 

Shown at the bottom of FIGURE 1 is a retention 
clip 20. The retention clip is preferably a molded one- 40 
piece unit and made of a rigid but somewhat flexible 
plastic material such as a polycarbonate material. The 
retention dip 20 defines a volumetric region in which 
a body 22 of acoustically transmlssive material may 
be located. At the proximal end of the clip 20 are four 45 
bent tabs 26 which extend from the flexible proximal 
sides 28 of the clip. The retention clip is removably at- 
tached to the scanhead 10 by insertion of the distal 
end 14 of the scanhead into the proximal end of the 
clip. As the scanhead is inserted into the dip the sides so 
of the scanhead contact the ends of the tabs 26 and 
deflect the proximal sides 28 of the dip outward until 
the tabs snap over a shoulder 14 of the scanhead. At 
this time the edges 30 at the ends of the dip are in con- 
tact with the lateral sides of the scanhead which, in ss 
combination with the locking action of the tabs, main- 
tain the retention dip fixedly attached to the scan- 
head. FIGURE 3 also illustrates this retentive ar- 
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rangement. 

Before the retention dip 20 is snapped onto the 
scanhead 10 the body 22 of acoustically transmlssive 
material is placed Inside the dip. The body 20 may be 
made of any material which exhibits the desired 
acoustic properties for the transfer of ultrasonic ener- 
gy between the acoustic window of the scanhead and 
the body with minimal attenuation, similar acoustic ve- 
locity, and good impedance-matching properties. 
Soft rubber and polymeric materials may be used, 
with a preferred materia) being a gelatinous material 
such as a hydrogel. Gelatinous materials are prefer- 
red because of their high water content which closely 
matches the acoustic characteristics of tissue. Hydro- 
gels, in which a hydrophlllc carrier entraps a high con- 
centration of water in a shape-retaining gelatinous 
structure, favorably affords low attenuation of ultra- 
sonic energy, desirable acoustic velocity, and excel- 
lent impedance- matching properties, together with 
the ability to retain Its shape In the retention dip forthe 
duration of an examination procedure. With these 
properties the hydrogel will pass ultrasonic energy 
between the scanhead and the body with minimal loss 
of energy and substantially no distortion. The hydro- 
gel may be cast in a rectangular block which is readily 
retained by the tapered interior of the distal end 36 of 
the retention dip. The block 22 of hydrogel which. In 
the Illustrated embodiment, has a thickness of ap- 
proximately 15 mm as indicated by arrows 34 in FIG- 
URE 1, is simply dropped into the retention clip. The 
rectangular block of hydrogel conforms to the tapered 
interior surfaces of the distal end of the retention clip 
as shown in FIGURES 2 and 3, which retains the 
block in place in the distal end of the dip. 

A commercially available material which may be 
used for the acoustically transmlssive body 22 is an 
aqueous gel pad known as the Aquaf lexC^> Uitasound 
Gel Pad, available from Parker Laboratories, Inc. of 
Orange, New Jersey. USA These gel pads have de- 
sirable acoustic properties, are bacteriostatic and hy- 
poallergenic. A body 22 for the retention dip 20 may 
be easily cut in the desired shape from one of these 
pads and placed inside the volumetric region of the 
clip. Alternatively, the open acoustic window 32 of the 
clip 20 can be pressed firmly against the pad in the 
manner of a cookie cutter, thereby simultaneously 
cutting and forcing a section of the pad into the volu- 
metric regbn of the clip. 

A coating 40 of conventional ultrasonic couplant 
is spread along the upper surface of the body 22 or. 
preferably, on the face 16 of the scanhead to provide 
good acoustic coupling between the acoustic window 
of the scanhead and the body of acoustically trans- 
missive material. When the retention dip is then snap- 
ped onto the scanhead as shown in FIGURES 2 and 
3, the face of the scanhead contacts the body 22 
through the ultrasonic couplant medium which de- 
presses the body to slightly extend through the open 
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acoustic window 32 at the distal end of the clip. FIG- 
URES 2 and 3 also illustrate the excellent acoustic 
coupling which occurs by virtue of the contact be- 
tween the face 16 of the scanhead, the couplant 40, 
and the acoustically transmissive body 22. 5 

In use, the scanhead with the attached retention 
clip is pressed against the couplant-coated skin of the 
patient. This places the extended body 22 In good 
acoustic contact with the patient. Depending upon the 
amount of pressure applied by the user, the acousti- io 
caily transmissive material may be compressed back 
into the retention clip. However the rigid surrounding 
skies of retention clip prevent compression of the 
thickness of the body to less than the desired standoff 
spacing of 15 mm or other predetermined distance. is 
Thus, tolerances In the manufacture of the body 22 
need only be loosely maintained, as the Internal ta- 
pering and spacing dimensions of the retention clip 
cause the body to be compressed to Its desired reten- 
tive shape and standoff spacing. 20 

The Internal tapering and spacing dimensions of 
the retention clip provUe advantage over many prior 
art standoffs In the reduction of reverberation effects. 
Referring to FIGURES 2 and 3. as the ultrasonic 
beam emanates from the transducer 18 it begins to di- 25 
verge. With some of the elongate, narrow standoffs of 
the prior art this divergence can cause the lateral ex- 
tremities of the beam to impinge upon surfaces of the 
standoff and be reflected back to the transducer, in- 
terfering with the reception of the desired acoustic 30 
echoes from the subject under examination. However, 
the illustrated embodiment with its wide acoustic win- 
dow 32 and low profile, such as the above-mentioned 
standoff spacing of 15 mm. reduces the possibility of 
reverberation effects from the interior surfaces of the 35 
retention clip 20. In addition to the ability to scan a pa- 
tient with a mobile scanhead and standoff that can be 
held and controlled by a single hand of the clinician, 
the present invention provides this capability with ar- 
tifact-free performance. 40 

When the ultrasonic examination is finished the 
retention dip easily unsnaps from the scanhead. The 
hydrogel block or other body of acoustically transmis- 
sive material is then disposed of and the retention dip 
and scanhead cleaned of couplant In preparation for 45 
another examination. 

FIGURE 4 illustrates a kit which provides an ultra- 
sonic system user with a retention clip and sufficient 
hydrogel blocks for four examinations. The kit In- 
cludes a molded or fornied tray 50 made of polystyr- so 
ene or comparable material. The tray 50 is formed to 
have four hydrogel block compartments 54 and a larg- 
er compartment 56 for a retention clip. The hydrogel 
is preferably cast directiy in the four compartments 54 
which give the blocks their desired shape and dimen- ss 
sbns. With the retention clip 20 placed in its compart- 
ment 56. the top of the tray 50 is sealed by a cover 52 
to hold the kit components in place and to prevent 



dessication of the hydrogel. The cover 52 may be a 
single sheet of polymeric material which overlies the 
entire top of the tray 50 as shown in FIGURE 4, in 
which case the cover may be appropriately scored as 
shown to enable separate sections 52' of the cover to 
be peeled away without exposing hydrogel blocks to 
be used at a later time. Alternatively, individual covers 
can be formed to engage the openings of the five 
compartments and thereby seal the comparbfnents in- 
dividually. Space Is also provided on the tray 50 or 
cover 52 for a label 60 to provide the user witii infor- 
mation concerning the use and operation of the stand- 
off kit When the retention clip 20 Is formed as alow 
cost, one- piece molded unit as described herein. It 
also may be disposed of after the four hydrogel blocks 
of the kit have been consumed and a new kit ordered. 

It Is seen tiiat the acoustic standoff arrangement 
of ttie present Inventton provides a precisely specified 
standoff spacing in an easy to use kit form. The stand- 
off quickly snaps onto and off of Uie scanhead witii 
minimal Inconvenience to the user. Importantiy, the 
attached standoff does not need to be held In place 
by the user and the scanhead can be held and ma- 
nipulated virtually as though the standoff were not 
present The preferred hydrogel block is inexpensive, 
exhibits the desired qualities of low acoustic attenua- 
tion and good impedance matching properties, and is 
disposable. When the ultrasonic examination is fin- 
ished, the standoff arrangement Is easily detached 
from the scanhead and cleaned in preparation for the 
next examination for which it is required. Finally, the 
provision of the standoff elements in kit form, includ- 
ing the hydrogel blocks, provides conveniences of or- 
dering, storage, and availability for the user. 



Claims 

1. An acoustic standoff for an ultrasonic scanhead 
having an acoustic window through which ultra- 
sonic energy is transmitted or received compris- 
ing: 

a retention member suitable for attach- 
ment to an ultrasonic scanhead and defining a 
volumetric region between said scanhead acous- 
tic window and an acoustic window of said reten- 
tion member when so attached; and 

a volumetric member which is transmis- 
sive of ultrasonic energy between said scanhead 
acoustic window and a subject, said volumetric 
member being dimensioned to be located wiUiin 
said volumetric region of said retention member 
when said retention member is attached to an ul- 
trasonic scanhead. 

2. The acoustic standoff of Claim 1, wherein said 
volumetric member is made of a deformable ma- 
terial exhibiting relatively low acoustic attenuation 



4 

5/3/05, EAST Version: 2.0.1.4 



7 



EP 0 527 651 A1 



8 



and favorable acoustic impedance. 

3. The acouslic standoff of Claim 2, wherein said 
volumetric member is made of a material having 
a high water content 

4. The acoustic standoff of Claim 3, wherein said 
volumetric member is made of a gelatinous ma- 
terial. 

5. Theacousticstandoff of Claim 1, wherein said re- 
tention member includes means for engaging 
said scanhead and means for connecting said re- 
tention member to said scanhead in a positionaily 
fixed yet removable manner. 

6. The acoustic standoff of Claim 3, wherein said re- 
tention member Is a one-piece retention clip. 

7. The acoustic standoff of Claim 1, further includ- 
ing a coating of ultrasonic couplant between said 
volumetric member and said scanhead acoustic 
window. 

8. The acoustic standoff of Claim 7, wherein said re- 
tention member acoustic window comprises an 
opening at a side of said retention member op- 
posing said scanhead acoustic window, whereby 
a surface of said volumetric member is located 
approximately within said retention member 
acoustic window during use of said standoff. 

9. The acoustic standoff of Claim 8. wherein an in- 
ternal dimension of said volumetric region is less 
than an external dimension of said volumetric 
member, whereby said volumetric member is re- 
tained inside said retention member. 

10. An acoustic standoff kit for an ultrasonic scan- 
head having an acoustic window through which 
ultrasonic energy is transmitted or received com- 
prising: 

a retention member suitable for attach- 
ment to an ultrasonic scanhead and defining a 
volumetric region between said scanhead acous- 
tic window and an acoustic window of said reten- 
tion member when so attached; and 

a plurality of disposable volumetric menrv 
bers intended for use in a single ultrasonic exam- 
ination, said members being transmissive of ultra- 
sonic energy between said scanhead acoustic 
window and a subject, said volumetric members 
each being dimensioned to be located within said 
volumetric region of said retention member when 
said retention member is attached to an ultrason- 
ic scanhead; and 

means for packaging said retention menv 
ber and said plurality of disposable volumetric 



members. 

11. The acoustic standoff kit of Claim 10, wherein 
said packaging means includes a plurality of sep- 
5 arate compartments for containing individual 

ones of said volumetric members, wherein said 
separate compartments can be individually 
opened. 

10 12. The acoustic standoff kit of Claim 11, wherein 
said volumetric members are formed of substan- 
tially liquid material poured into said separate 
compartments, whereby the dimensions of said 
compartments provide said volumetric members 

15 with their desired shapes. 

13. The acoustic standoff kit of Claim 12, wherein 
said separate compartments are sealed to mini- 
mize dessication of said volumetric members. 
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